Trichoderma (Ascomycetes, Hypocreales) strains that have warted conidia are traditionally identified as T. viride, the type species of Trichoderma. However, two morphologically distinct types of conidial warts (I and II) have been found. Because each type corresponds to a unique mitochondrial DNA pattern, it has been questioned whether T. viride comprises more than one species. Combined molecular data (sequences of the internal transcribed spacer 1 [ITS-1] and ITS-2 regions and of part of the 28S rRNA gene along with results of restriction fragment length polymorphism analysis of the endochitinase gene and PCR fingerprinting), morphology, physiology, and colony characteristics distinguish type I and type II as different species. Type I corresponds to "true" T. viride, the anamorph of Hypocrea rufa. Type II represents a new species, T. asperellum, which is, in terms of molecular characteristics, close to the neotype of T. hamatum.
Species of the genus Trichoderma, among them T. viride, are well known for their production of several lytic enzymes (32) and/or antibiotics (3) . Strains of those species are widely used in biocontrol of soilborne plant-pathogenic fungi (see reference 38). The exact characterization and identification of strains to the species level is the first step in utilizing the full potential of fungi in specific applications. T. viride is one of the most commonly reported and widely distributed of all soil fungi (5) , occurring in the most extreme to the most mundane of habitats. Many physiological, antifungal, and insecticidal activities have been attributed to this species (for a review, see reference 5). Unfortunately, literature published before 1969 is likely to be unreliable because the name "Trichoderma viride" was applied to most strains of Trichoderma spp. (2) . Rifai (36) revised the genus Trichoderma and characterized T. viride by its warted conidia. Since 1969 all Trichoderma strains having globose, subglobose, or ellipsoidal warted conidia have been identified as T. viride. However, in 1989, Meyer and Plaskowitz (27) observed two different types of warts on conidia identified as T. viride, which they termed types I and II (to which we refer here). Later Meyer (28) found that the respective types of conidial ornamentation corresponded to types of specific mitochondrial DNA, and he suggested that two species were involved but did not propose a taxonomy.
Owing to the fact that the name T. viride is applied to many strains that are used in experimental or economically important applications, it is highly desirable that the name used by so many different individuals refer to a single organism. From this perspective, the suggestion by Meyer (28) that the current concept of T. viride comprises more than one species is unsettling. As part of our ongoing studies of Trichoderma systematics (9, 16, 19-23, 29, 39, 40, 47) we have used a polyphasic approach to test Meyer's two-species hypothesis. In the present work, we report on the application of combined molecular (sequences of the internal transcribed space 1 [ITS-1] and ITS-2 regions and of part of the 28S rRNA gene, along with restriction fragment length polymorphism [RFLP] analysis of the endochitinase gene and PCR fingerprinting), morphometric, and physiological approaches in a study of T. viride. The mixed-type data sets combining information from morphological, physiological, and molecular studies were used in a correspondence analysis (CA) (10, 44) to explore the taxonomic interrelationships within what has been called T. viride. The 28S rDNA fragments amplified with the primer pair LROR and LR7 were also used for RFLP analysis with the restriction enzymes HaeIII, HhaI, MspI, and Sau96I. The assay followed exactly the conditions described for the RFLP analysis of the endochitinase gene (see below).
PCR amplification and RFLP analysis of the 42-kDa endochitinase gene. PCRs were performed with the oligonucleotides 5Ј-CACTTCACCATGTTGG GCTTCCTC and 5Ј-GATCTCTAGTTGAGACCGCTTCGG as primers (6) . The 50-l reaction volume contained 25 ng of genomic DNA and 0.2 M each respective primer. The amplification program included an initial denaturation for 4 min at 94°C; 35 cycles of 30 s at 94°C, 1 min at 60°C, and 1 min at 72°C; and a final extension step of 10 min at 72°C. Amplification products from 5 l of the assay reaction mixture were first checked by electrophoresis in a 1.2% agarose gel buffered with 1ϫ Tris-borate-EDTA (37) . For those strains that exhibited two endochitinase gene fragments, the 1.4-kb fragment was purified from the agarose gel by using a Jetsorb purification kit (Genomed, Bad Oeynhausen, Germany) according to the protocol provided by the supplier. For RFLP analysis, 15 l of the amplification product was completely digested with 12 U of restriction enzyme (HaeIII, HhaI, MspI, or Sau96I) at 37°C according to the manufacturer's (New England Biolabs) instructions. Digested DNA was electrophoresed in 2.0% agarose gels for 5 h at 110 V in 1ϫ Tris-borate-EDTA buffer.
Data analysis. For RFLP data, the presence or absence of bands was coded in binary form (0/1) and the matrix was used in both parsimony analysis (PAUP 3.1.1) (46) and cluster analysis with the UPGMA algorithm (Treecon) (48).
The PCR fingerprint patterns of the groups that were revealed by the other molecular methods were compared visually only.
The analysis of sequence data was performed with the PAUP 3.1.1 software after an initial alignment of the nucleotide sequences comprising the entire 650-bp sequence determined with the multiple-alignment program CLUSTAL V, using visual optimization when needed. (Sequence alignments are available upon request.) Parsimony analysis was carried out in two steps. A first analysis included all of the sequences and was performed with the heuristic search option of PAUP 3.1.1 (data not shown). The second search was done on a subset of 10 sequences, representing the main sequence types, by using the branch-and-bound algorithm with single gaps treated as a fifth base. In both analyses, T. longibrachiatum (Z31019) and T. polysporum (Z48815) were used as outgroups. Bootstrap analysis with 1,000 replications was done to test the robustness of the internal branches (7) of the single-most-parsimonious tree that was found in the branch-and-bound analysis.
Exploratory data analysis was carried out on the morphological data, using either analysis of variance or nonparametric tests when appropriate, and included box plot displays, growth curves, and statistical testing. Exploratory analysis and statistical tests were performed with the software package Systat 6.0 (51) . In addition, a CA was carried out on the molecular data set as described in detail by Sieber et al. (44) . Briefly, a matrix was constructed that contained all molecular data, expressed as the presence or absence (0 or 1, respectively) of a given molecular character or band. The resulting matrix was then subjected to multiple CA, using the package SimCA 2.1 (10) .
To test the fitting of the data to the models, CA was also carried out on a combined matrix of the molecular and phenetic data of the individual isolates versus the species centroids (i.e., "ideal species") (for details of the method, see reference 44). The morphological and molecular characteristics were coded as detailed in Table 2 , and then the codes were transformed in class variables as described by Sieber et al. (44) . The resulting matrix was then subjected to multiple CA (44) . Classes were formed in accordance with the method of Sieber et al. (44) . A statistical approach was adopted to define classes within each variable. Means and standard deviations (SD) of the measurements of all collections were calculated. The central class was then defined as the mean Ϯ 0.5 SD, and all other classes were subsequently 1 SD in width. For the computation of the CA shown in Fig. 2 , only the data for the isolates studied by morphological and molecular methods were used as active variables, while the data for the ideal species (ATRO, KONI, TV1B, TV1D, TV1E, TV2A, and TV2B) were inserted in the CA as supplementary variables and thus did not influence the outcome of the analysis. Nucleotide sequence accession numbers. The ITS nucleotide sequences determined in this study have been submitted to the GenBank and EMBL databases, and their accession numbers are listed in Table 1 .
RESULTS

Morphology.
Fifty-seven strains of Trichoderma and Hypocrea (Table 1) were characterized with respect to a total of 42 morphological and physiological characteristics ( Table 2 ). For the Persoon collection (lectotype material), SEM of conidia was performed. Conidia from this collection were measured, and the few remaining phialides were observed.
(i) Anamorph characteristics. The most important characteristics are presented in Table 3 . A more-detailed description of morphological characteristics is given elsewhere (41) . Conspicuous differences in conidial shape and ornamentation, arrangement of conidiophores within conidial aggregates, branching of the conidiophores (regular or irregular), the arrangement of phialides on conidiophores, and the shape of the phialides were seen.
Three basic types of conidial ornamentation were observed by light microscopy and SEM. Some collections had conspicuous, grossly warted conidia with broadly rounded warts (T. viride type I [27] ). Conidial warts of other collections were slightly more irregular and pyramidal (T. viride type II [27] ). A number of collections had smooth conidia (T. atroviride or T. koningii). Conidia of Persoon specimens of T. viride had conspicuous, broadly rounded warts of type I.
Phialides of T. viride types I and II had a mean length of 9 m or more, while those of T. atroviride and T. koningii tended to be shorter, with a median length of less than 8.5 m. The length/width (l/w) ratio of phialides was greater than 3 for T. viride type I and T. koningii and less than 3 for T. viride type II and T. atroviride. The median lengths and widths of the conidia of all the strains were between 3.0 and 4.5 m and between 2.0 and 4.0 m, respectively. The most obvious difference was in conidial Length of conidia from SNA (SL)
Width of conidia from SNA (SW)
Phialide length (PH)
Phialide base (B) 1 ϭ Ͻ2.0 m B 1 2 ϭ Ͼ2.0 and Ͻ2.9 m B 2 3 ϭ Ͼ2.9 m B 3 9
Hypha below phialide, axis (AX)
Ascus length (AL)
Ascus width (AW)
Length, proximal part, ascospore (XL)
Width, proximal part, ascospore (XW)
Perithecial width (PD)
Width of surface layer of stroma (SR) 1 ϭ Ͻ20 m SR1 shape, which is to some extent reflected by the l/w ratio of the conidia. Conidia of T. koningii are conspicuously oblong to ellipsoidal and have an l/w ratio of 1.6, whereas conidia of T. viride types I and II and T. atroviride are globose to subglobose, with l/w ratios of between 1.1 and 1.2. There is a tendency for conidia of type II to have a slightly larger l/w ratio than those of type I, and therefore many conidia of type II tend to appear ovoidal rather than subglobose. Chlamydospores were produced within 1 week by some members of all groups but were more frequently found in T. viride type II than in type I; T. koningii and T. atroviride had intermediate positions.
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(ii) Cultural observations. Strains of T. viride type II had a much higher growth rate than type I strains, T. atroviride, or T. koningii. This was especially evident at or above 30°C. At 30°C, T. viride type I, T. atroviride, and T. koningii colonies had radii of less than 10 mm, whereas the radii of colonies of T. viride type II reached nearly 30 mm within 40 h. Only strains of type II were able to grow at 35°C.
A coconut-like odor was detected for all T. atroviride strains and for some strains of T. viride types I and II but not for any of the T. koningii strains.
None of the colonies produced a diffusing pigment. All produced dark-green conidia (18) (28D8) on CMD within 1 week (iii) Teleomorph characteristics. Each of the distinct groups that we studied included strains that were derived, or were said to have been derived, from ascospores of Hypocrea species. Unfortunately, only one strain derived from ascospores was included in T. viride type II (GJS 94-81; ICMP 5411 as Hypocrea vinosa), but we were not able to locate a specimen from which that culture was derived (PDD) and thus cannot confirm that connection.
Stromata of all groups formed either on decorticated wood, less frequently on bark, of hardwood trees and other fungi. They were pulvinate to discoidal, 0.5 to 1.5 mm in diameter, and brown; when young, stromata tended to be slightly effused and were light tan at the periphery. The surface was velvety, especially when young, and ostiolar openings were not visible. We could not distinguish the teleomorphs of the various Trichoderma groups based only on their anatomy or gross morphology.
DNA data. For a total number of 65 strains, we obtained PCR fingerprinting, RFLP, and sequence data.
(i) ITS sequencing. Sequencing of the ITSs of the ribosomal gene complex revealed a total of 13 to 17 base pair differences in ITS-1 and ITS-2 sequences between T. viride types I and II (Fig. 1) . Each of those two sequence groups included two subgroups. Conidial ornamentation type I includes ITS groups Vb and Vd, and type II includes ITS groups Na and Nb. Moreover, subgroups Vb and Vd clustered together with strains that conformed morphologically, and in their DNA characteristics as well, to T. atroviride (subgroup At) and T. koningii (subgroup Ko), respectively. In addition, there was a fifth ITS subgroup, Ve, that did not conform to any described Trichoderma species. Ve was basal to the cluster including Vb, Vd, At, and Ko (Fig. 1) . Sequence variation among the subgroups was found to be generally very low. For example, Na and Nb differed in 1 bp each in ITS-1 and ITS-2. Interestingly, there was also little sequence variation (ITS-1, 1 or 2 bp; ITS-2, 2 to 5 bp) among T. viride type I subgroups Vb and Vd, T. atroviride (At), and T. koningii (Ko). The only exception was subgroup Ve, which showed sequence differences from all other subgroups that were in the same range (12 to 17 bp) as was found for the main groups of types I and II. This was due to a greater within-subgroup sequence variation in Ve. In the parsimony tree (Fig. 1) , T. viride type I (Vb and Vd), Ve, At, and Ko form one clade whereas T. viride type II (Na and Nb) forms a second clade, both supported by high bootstrap values. The separation of subgroups in this tree is not so clear. Notable is the position of the ex neotype strain of T. hamatum as a sister clade of the clade including the type II strains of T. viride.
An attempt, done with permission, to isolate DNA from the lectotype specimen of T. viride was not successful.
(ii) 28S RFLPs and sequencing. For a total of 20 strains, representing all seven ITS subgroups, a 569-bp part of the 5Ј end of the 28S rDNA spanning the variable domains D1 and D2 (13) was first analyzed by RFLP with four restriction enzymes and then sequenced. Although the base pair differences in D1 and D2 in general were less numerous than those found in the ITS regions, the same groups and subgroups were resolved in a PAUP tree (data not shown) (alignments are available upon request).
(iii) PCR fingerprinting. PCR fingerprinting with two different primers gave patterns that distinguished T. viride type I strains from those of type II. Moreover, the patterns show intragroup variation reflecting the subgroups defined by ITS sequence variation in both groups (data not shown).
(iv) The 42-kDa endochitinase gene. PCR amplification of the 42-kDa endochitinase gene resulted in a product of the expected size (1,450 bp) for all investigated strains. Strikingly, there was an additional reproducible fragment (900 bp) in all 11 strains of ITS subgroup Nb. The 900-bp fragment was also present in strain Na3 (the second subgroup of type II). RFLP analysis of the 1,450-bp fragment revealed 5 to 12 patterns for the four enzymes used. The calculated 1/0 data for all enzymes were combined and used in parsimony as well as cluster analysis of 20 strains representing all ITS subgroups. The trees resulting from both analyses yielded essentially the same results as did ITS sequences (data not shown). There was a clear separation of T. viride types I and II into two clusters with a distance value of more than 0.6 between them (UPGMA analysis). RFLP analysis of the endochitinase gene revealed the same subgroups of types I and II as were revealed by ITS sequencing. However, one of the strains that was placed in subgroup Ve (Ve3 ϭ GJS 90-20) by ITS sequencing was placed in Vb by the endochitinase analysis. Although Ve is morphologically and genetically diverse, strain Ve3 is morphologically consistent with T. viride type I.
Combined data analysis. (i) CA of molecular data. The result of a simple CA performed on the weighted matrix of molecular data, including the information from ITS and 28S rDNA sequencing, PCR fingerprinting, and RFLP analysis of the endochitinase gene, revealed a good discrimination of the two subgroups Na and Nb of T. viride type II on the first axis. All other isolates, representing T. viride type I, T. atroviride, and T. koningii, were not separated by the numerical analysis (data not shown).
(ii) CA of combined morphological and molecular data. The results of the analysis using both morphological and molecular data are detailed in Fig. 2 . The analysis was carried out on a standardized data matrix that included 13 molecular and 42 morphological characteristics. For each of the characteristics we defined classes, resulting in a total of 217 classes, which are described in Table 2 . To minimize the influence of missing data, CA of combined data was carried out on 47 strains only (indicated in Table 1 ). The inertia explained by the first four factors was approximately 38% for this analysis and shows a good fit of the data to the model. In Fig. 2a , the positions of all isolates studied and of the ideal species (as constructed by using the results of the original analysis) are shown. All isolates belonging to one of the two subgroups of T. viride type II (Na or Nb) group closely to the ideal species TV2A and TV2B (as defined for T. viride type II) and are clearly separated from all other entities (discrimination on the first axis). The morphological data, however, do not distinguish the two groups that were discriminated in the molecular analysis, as can be seen from the compact group that they form. On the other hand, the other entities that could not be separated very clearly by molecular data seem to be more clearly separated according to morphological data in this analysis. Strains of subgroups At and Ko are no longer included in the big group that comprises Vb and Vd but form one group together with two isolates of Ve. This group also includes the ideal species ATRO, KONI, and TV1E (as defined for T. atroviride, T. koningii, and an as-yet-unnamed group of Hypocrea and Trichoderma collections that showed similarities to T. viride [ Fig. 2a]) . A few isolates of the group (Ko1, Ko2, and Ko3) have a more isolated position in the graph and could be considered distinct from all other isolates of this group. Isolates At4, Ko7, and Vd11 are also somewhat distant from the main groups, and very close to one of the axes, but are clearly separated from group Na-Nb. Strikingly, one member of subgroup Ve (Ve3) is very close to a third group of taxa including all isolates of Vb and Vd except Vb6, Vb9, Vd4, and Vd5. The last four isolates form a clear group centered on the ideal species TV1B and TV1D and close to the main Vb-Vd cluster. Figure 2 gives the positions of the important molecular (Fig.  2b) and morphological (Fig. 2c) characteristics of the anamorphs that are significant for the characterization of the three main entities including the ideal species that we found: (i) TV1B and TV1D; (ii) TV2A and TV2B; and (iii) ATRO, KONI, and TV1E. With respect to molecular characteristics, we found randomly amplified polymorphic DNA (RAPD) patterns, ITS and 28S rDNA sequences, and RFLP patterns of the endochitinase gene to be group specific. Among the large number of physiological and morphological characteristics, we found that the growth rate on PDA at 30°C, time when conidia developed first on SNA at 25°C, colony radius after 48 h of growth on SNA at 25°C, surface of aggregates on CMD, width of the hypha below each phialide, phialide width, and conidial shape were significant for each of the three groups. We had no teleomorph data for the group Na-Nb, but some teleomorph characteristics were useful for the characterization and separation of groups Vb-Vd and At-Ko-Ve from each other.
Biogeography. The strains that we used in this study were obtained from culture collections or were isolated by us. Thus, 
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the geographic representation of the set of strains is limited. All groups have a cosmopolitan distribution, each including one or more strains that originated from Europe or North America as well as from either eastern Asia or the southwest Pacific region. With regard to types I (Vb and Vd) and II (Na and Nb) of T. viride, all strains of type I occurred in northern or southern temperate locations whereas there seemed to be a tendency for strains of type II to occur in warm regions.
DISCUSSION
We have used a polyphasic approach that combines data sets from morphological, physiological, and molecular investigations to study relationships among strains of T. viride. Formal, traditional taxonomy is based solely on morphology or, more recently, and alternatively, on molecular data only. Although this has been a major point of criticism by fungal taxonomists (43) , there are only a few examples of the use of combined data sets in studies of fungi (34, 35, 45) . Perhaps this is due to the complexity of mathematical analyses using mixed types of data. Cluster analysis (used to detect groupings in data) and CA (with the main advantage of obtaining corresponding characteristics and taxon ordination simultaneously) were used in our study to handle the large data sets. Initially, all data were evaluated independently and then combined in a single analysis to find out whether groupings of strains were still supported and to deduce characteristics that are significant for species or group recognition.
The results of DNA sequencing clearly support Meyer's (28) contention that T. viride is paraphyletic. The base pair sequence differences between T. viride types I and II were in the range of interspecies variability compared to data for other species of the same genus (21, 24) . Additional molecular data as well as morphological characteristics unanimously confirm the existence of T. viride types I and II, with type I representing Vb and Vd and type II representing Na and Nb. T. viride type I (Vb plus Vd) can be distinguished from T. viride type II (Na plus Nb) by ITS sequences, PCR fingerprinting patterns, RFLPs of the 42-kDa endochitinase gene, growth rate (especially at 35°C), colony characteristics, branching patterns of conidiophores, morphology of phialides, and conidial ornamentation. These differences indicate that T. viride type II is a distinct species, for which we have formally proposed the name T. asperellum in another publication (41) . Basically, T. viride can be recognized under a light microscope by its strongly warted, subglobose to globose conidia.
Meyer's type II accounts for collections that have finely ornamented, subglobose to broadly ellipsoidal conidia. ITS sequencing resolved type II into two groups, which differed from each other by 1 bp each in ITS-1 and ITS-2. In comparison to the ITS sequence variability noted for several species of Trichoderma (reviewed in reference 23), this is in the range of intraspecies variation. To test our findings from ITS sequencing (e.g., the possibility of a subgroup splitting in T. viride type II), other molecular characteristics were used. The final CA suggests that, according to the molecular data, (i) type II may be considered a separate entity and (ii) subgroups (Na and Nb) are resolved. We could not find, however, any justification morphologically to recognize the groups Na and Nb as independent taxa, and thus in the CA of combined data the subgroups Na and Nb of T. viride type II form only a single species (Fig. 2) .
T. viride type I is not as straightforward as type II. We found groups that could be readily recognized by conidial morphology, ornamentation, the branching pattern of conidiophores, and phialide morphology. Strikingly, molecular data did not resolve subgroups. This might be due to highly similar ITS sequences: each of the morphologically characterized groups differed from each other by no more than 7 bp, values that are common for intraspecies variation in the genus Trichoderma (23) .
Our examination of the specimen of T. viride from the Persoon herbarium, which Bisby (2) designated the lectotype, shows subglobose conidia that have large, conical warts and are consistent with most of the representatives of T. viride type I subgroups Vb and Vd. We agree with Meyer (27, 28 ) that his T. viride type I is true T. viride. The Persoon material is too old to show how the phialides are arranged, but a few hooked phialides, typical of T. viride type I subgroups Vb and Vd, were seen, and there was an indication of a branching pattern that we described for type I. Unfortunately, we were unable to obtain DNA from conidia of this specimen in two attempts.
ITS sequences of subgroups At and Ko are identical to sequences published by Kuhls et al. (21) for T. atroviride and for T. koningii/H. koningii (24) , respectively. Strains of both groups differed from T. viride in having smooth conidia that were subglobose (At) or oblong and at most slightly ornamented (Ko).
A number of isolates had a somewhat isolated position in the CA display. In most cases, the small amount of molecular data available for the isolates could be a reason for the positions of the isolates in the graph (At4, Vd11, and Ko7). The position of Ve3 close to Vb and Vd is supported by morphological and most of the molecular data, except the ITS-1 sequence, which strongly differs from the types found for Vb and Vd. The three isolates Ko1, Ko2, and Ko3 were all Hypocrea strains collected in Taiwan; morphologically, they fit the description of H. vinosa. In Fig. 2a , a slight splitting of strains of subgroups Vb and Vd is visible. Interestingly, the four strains (Vb6, Vb9, Vd4, and Vd5) that are closest to the ideal species TV1B and TV1D are all anamorphs of H. rufa collections, whereas the main and very large group of Vb and Vd represents only T. viride collections. This last interpretation, however, must be taken with caution, since the distances on the map barely allow one to draw firm conclusions. The findings, however, do not contradict the general outcome of the CA of morphological, physiological, and molecular characteristics with respect to the characterization of two species of T. viride. In ongoing experiments, emphasis is on a detailed characterization of the relationship between the true T. viride-subgroups Vb and Vd, T. atroviride, and T. koningii-and the more diverse group Ve by extending the number of Trichoderma and Hypocrea strains that morphologically fit into this complex. We have checked the possibility that group Ve is similar or even identical to T. pubescens or T. strigosum, both of which have been shown recently to cluster near T. viride (16) . We have also tested whether Ve could be one of the Hypocrea sp. cf. muroiana sequence types that have been described previously (24) . In all sequence comparisons so far, strains of Ve remained a separate cluster, but it must be emphasized again that the level of genetic variability in the genus Trichoderma, as concluded from molecular data, is very low. The results of the extended investigations will perhaps answer the question of whether all strains that we studied and that exhibit a low level of genetic diversity and intergrading phenotypic characteristics should be recognized as distinct taxa on some level. The high degree of genetic similarity of species within section Trichoderma with overlapping sequence variation in ITS-1 and ITS-2 of the rDNA nicely reflects the processes of evolution and speciation.
The teleomorphs encountered in this study are phenotypically homogeneous. We detected small differences in ascospore measurements, but while these differences were statisti-cally significant, their biological significance is doubtful. These collections agree in most details with the description of H. rufa that was published by Webster (50) . The main differences are that Webster reported larger ascospores (distal, 5.5 to 7.2 by 4.5 to 5.0 m; proximal, 5.5 to 7.0 by 3.6 to 4.5 m) for one of his English specimens than we have observed (3.9 to 5.3 by 4.1 to 4.6 m and 4.1 to 5.7 by 3.0 to 4.2 m, respectively). Other specimens listed by Webster had smaller ascospores. The anamorph reported by Webster as T. viride fits in with our concept of T. viride but produced abundant chlamydospores.
The cosmopolitan distribution of Trichoderma species makes them ideal candidates for biocontrol applications in different habitats, but the sensitivity of single strains to abiotic environmental factors must be considered (15) . Köhl and Schlösser (17) reported differences in antagonistic activity at different temperatures among Trichoderma isolates within a species group. Temperature tolerance of biocontrol isolates relative to that of the pathogen could be critical to the success of an application. Because T. viride is often cited as producing antibiotics and as acting as a fungal antagonist and potential biocontrol agent against soilborne plant-pathogenic fungi (1, 38) , it was especially interesting and important to learn about the temperature optimum of T. viride type I and II strains. Types I and II of T. viride are easily separated on the basis of temperature optima. Type II (T. asperellum) has an optimum of 30°C and a maximum of Ͼ35°C, and true T. viride has an optimum temperature of 22.5°C and a maximum of 30°C. The temperature tolerance of strains might be an important factor with respect to T. viride strains that act as promoters or inhibitors of plant growth (25, 26) or even as weed pathogens in mushroom cultures (42) . The strikingly different temperature optima among T. viride strains was also noted by Fujimori and Okuda (8), who described two groups clearly separated by RAPD analysis. Furthermore, both groups were characterized as producers or nonproducers of isonitrile antibiotics. We have analyzed representatives of both groups morphologically and by RFLP analysis of the ITS-1-5.8S-ITS-2 rDNA region and the endochitinase gene. T. viride NR 5566 and NR 6937 (isonitrile antibiotic producers) are strains of T. asperellum, the new species, whereas NR 5510, NR 5541, NR 6898, NR 6955, NR 6896, NR 6969, FP 5563, and FP 5564 (nonproducers) are true T. viride.
Of the strains that we originally investigated, only Tr48 has been used in published physiological or biocontrol studies (14); we have investigated a larger number of T. viride strains with biocontrol application listed in the American Type Culture Collection catalogue (ATCC 20900, ATCC 20905, ATCC 90200, ATCC 34650, ATCC 38717, and ATCC 52439). Only one of the six strains had finely warted conidia and was identified as T. asperellum. The remaining five strains have molecular characters similar to those of members of Trichoderma section Pachybasium, which includes T. inhamatum and T. harzianum. In a list of commercial biocontrol products for use against soilborne crop diseases (47a), we found only one T. viride strain. We have analyzed the substratum Ecofit in terms of isolating DNA from conidia as well as from mycelium of the included fungus. The fungus was identified as T. asperellum, too. In a search of sequence data banks, we found two T. harzianum strains used in biocontrol which have the same sequence types as subgroup a of type II, viz. T. harzianum T-203 (accession no. AF04971 [3a] ) and T. harzianum strain 3 (accession no. Y13575 [12] ). Moreover, a number of sequences submitted for strains identified as T. viride that have biocontrol activities are actually T. asperellum (accession no. AF059515 (4) . In several cases, the strains were T. atroviride (ATCC 32173 [30] ; DB 35916, IMI 296237, and IMI 304531 [1] ; and IMI 110150 [12] ). All search results strongly indicate that T. viride biocontrol strains reported to have high temperature optima are actually T. asperellum. No true T. viride strain was found to produce antibiotics.
